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This Letter presents a measurement of W^Z production in 1.02 fb~^ of pp collision data at y/s = 7 TeV collected 
by the ATLAS experiment in 2011. Doubly leptonic decay events are selected with electrons, muons and miss- 
ing transverse momentum in the final state. In total 71 candidates are observed, with a background expectation of 
12.1±1.4(stat.)l2'o(syst.) events. The total cross section for W^Z production for Z/7* masses within the range 66 GeV 

(lumi.) pb, which is consistent with the Standard 



to 116 GeV is determined to be cr^^ 
Model expectation of 17.3i|!) g pb. 



20.51^-8 (stat.) 
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Limits on anomalous triple gauge boson couplings are extracted. 



1. Introduction 
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The underlying structure of the electroweak interac- 
tions in the Standard Model (SM) is the non-abelian SU{2)l 
X U{1)y gauge group. Properties of electroweak gauge 
bosons such as their masses and couplings to fermions 
have been precisely measured at LEP and the Tevatron [I] . 
However, triple gauge boson couplings (TGC) predicted by 
this theory have not yet been determined with comparable 
precision. 

In the SM the triple gauge boson vertex is completely 
fixed by the electroweak gauge structure. A measurement 
of this vertex, for example through the analysis of dibo- 
son production at the LHC, tests the gauge symmetry 
and probes for possible new phenomena involving gauge 
bosons. In general, electroweak boson couplings deviating 
from gauge constraints yield enhancements of the W^Z 
production cross section at high diboson invariant mass. 
Furthermore, new particles decaying into W^Z pairs are 
predicted in models with extra vector bosons (e.g. W') as 
well as in supersymmetric models with an extended Higgs 
sector (charged Higgs) [H |3] . 

At the LHC, the dominant W^Z production mecha- 
nism is from quark-antiquark and quark-gluon interactions 
at leading order (LO) and at next-to-leading order (NLO), 
respectively (4l. Only the s-channel diagram has a triple 
electroweak gauge boson interaction vertex and is hence 
the only channel that may contribute to anomalous TGC 
(aTGC). 

This Letter presents a measurement of the W^Z pro- 
duction cross section and limits on aTGC with the ATLAS 
detector in LHC proton-proton collisions at a centre-of- 
mass energy, -y/s, of 7 TeV. The analysis uses four chan- 
nels with leptonic decays (W^Z — > IvM) involving elec- 
trons and muons: ez/ee, /iz/ee, ei^/i/i or fii'fifj., where the v 



is estimated by the missing transverse momentum, i?™"'". 
The main sources of background are ZZ, Z7, Z-|-jets, and 
top-quark events. 

A common phase space is defined for combining the 
four decay channels and measuring a "fiducial" cross sec- 
tion. The phase space is chosen to match closely the de- 
tector acceptance and analysis selection. The leptons from 
the Z and W boson decays are required to have trans- 
verse momenta pt^'^'iZ) > 15 GeV, pi^'\W^) > 20 GeV, 
pseudorapiditjQ |r/'^''=| < 2.5, |to«(^) - mz\ < 10 GeV, 
pi^ > 25 GeV and the transverse massj^ of the W boson 
is required to satisfy m^jT > 20 GeV. Final state elec- 
trons and muons whose four-momenta include all photons 
within AR < 0.1 are used in the phase space definitioij^ 
Since the fiducial phase space is defined by the lepton kine- 
matics, the cross section definition includes the branching 
ratios of the bosons decaying into electrons or muons. The 
fiducial cross section definition excludes the contribution 
from W and Z boson decays into t leptons. 

In order to measure the total cross section, the experi- 
mentally accessible phase space is extrapolated to the full 
phase space. The region dominated by the contribution of 
a 7* propagator in singly resonant diagrams to the theo- 
retical cross section is highly suppressed by requiring the 
invariant mass of the dilepton system from Z/j* to satisfy 
66 GeV < m« < 116 GeV for the full phase space. 

^ ATLAS uses a right-handed coordinate system with its origin at 
the nominal interaction point in the centre of the detector and the 
2-axis along the beam pipe. The x-axis points from the interaction 
point to the centre of the LHC ring, and the y-axis points upwards. 
Cylindrical coordinates (r,(p) are used in the transverse plane, 4> being 
the azimuthal angle around the beam pipe. The pseudorapidity rj is 
defined in terms of the polar angle as rj = — lntan(0/2). 

■^The transverse mass is defined as = 2Ell^E!^ — 2p^pJJ,. 

^A_R is defined as AR - 



Preprint submitted to Physics Letters B 



March 7, 2012 



In the SM the only allowed boson combinations for 
TGC vertices are WW^ and WWZ, and the latter is ad- 
dressed in this Letter. Expressions for the most general 
effective Lagrangian for a TGC vertex with two charged 
and one neutral vector boson can be found in Refs. [5] and 
[B]. If only terms that separately conserve charge conjuga- 
tion and parity are considered, then the couplings can be 
represented by three dimensionless parameters , kz and 
Xz- In the SM gf = 1, = 1 and Xz = 0. Anomalous 
couplings, defined as deviations from these SM values, are 
then Agf , Akz and Xz- 

To avoid tree-level unitarity violation, which occurs in 
the effective Lagrangian approach at sufficiently large en- 
ergies, the anomalous couplings must be suppressed at 
higher energy scales. To achieve this, an arbitrary form 
factor can be introduced to mitigate the effect of anoma- 
lous couplings at higher energy scales. For comparison 
with previous studies, results are presented using a dipole 
form factor /(s) = 1/(1 -f s/K^Y, where A = 2 TeV is a 
cut-off energy scale and is the partonic centre-of-mass 
energy. This choice ensures that unitarity is not violated. 
However, since the choice of the scale is arbitrary and the 
experimental centre-of-mass energy scale is finite, the in- 
terpretation of the data in the framework of anomalous 
couplings is also presented without using a form factor, 
corresponding to setting A = cxi. 

2. The ATLAS Detector and Event Samples 

The ATLAS detector [7 consists of an inner detector 
(ID) surrounded by a superconducting solenoid which pro- 
vides a 2T magnetic field, electromagnetic and hadronic 
calorimeters and a muon spectrometer (MS) with a toroidal 
magnetic field. The ID provides precision charged parti- 
cle tracking for \rj\ < 2.5. It consists of a silicon pixel 
detector, a silicon strip detector and a straw tube tracker 
that also provides transition radiation measurements for 
electron identification. The calorimeter system covers the 
range |?7| < 4.9 and comprises sampling calorimeters with 
either liquid argon (LAr) or scintillating tiles as the active 
media. In the region \ri\ < 2.5 the electromagnetic LAr 
calorimeter is finely segmented and plays an important role 
in electron identification. The muon spectrometer has sep- 
arate trigger and high-precision tracking chambers which 
provide muon identification in \r]\ < 2.7. 

This study uses 1.02 ±0.04 fb^^ 011] of collision data 
collected up to the end of June 2011. 

Candidate events are selected online with single-lepton 
triggers requiring pt of at least 18 (20) GeV for muons 
(electrons) . The trigger efficiency for Z — ii^ii events 
which pass all selection criteria is in the range of 96-99% 
depending on the final state. 

The Z production processes and the subsequent 
purely leptonic decays are modelled by the MC(Q)NLO [lOl 
[TT] generator, which incorporates the NLO QCD matrix 
elements into the parton shower by interfacing to the Her- 
WIG [12] program. The generator also provides matrix 



element information which allows a given sample to be 
reweighted to a different set of anomalous coupling pa- 
rameters on an cvent-by-event basis. The parton density 
function (PDF) set CTEQ6.6 ja3| is used and the under- 
lying event is modelled with JiMMY [HI [15] . Herwig is 
used to model the hadronization, initial state radiation 
and QCD final state radiation (FSR). Photos is used 
for QED FSR, and Tauola [T7] for the r lepton decays. 

The W^Z production cross section at NLO in as as 
previously defined is calculated with the program MCFM [18] 
to be 17.3lj!) g pb. Electroweak corrections are not consid- 
ered as they are not relevant at the currently available 
integrated luminosity [THl [20] ■ 

The background sources for which data-driven meth- 
ods could not be used were estimated with simulated sam- 
ples. The diboson processes WW and ZZ are modelled 
with Herwig, and W/Z + 7 with MadGraph [21 and 
Pythia 22J. MC@NLO [10 is used to model the tt and 
single top-quark background in the W^Z — > evee decay 
channel. Whenever LO event generators are used, the 
cross sections are corrected by using k-factors to NLO or 
NNLO (if available) matrix element calculations [lOl [TSj, 
[M2S]. 

The response of the ATLAS detector is simulated [55] 
with Geant4 [57]. Small response and efficiency correc- 
tions, based on studies in data and simulated control sam- 
ples, are applied to the simulated samples. All event sam- 
ples are simulated with in-time pile-up (multiple pp in- 
teractions within a single bunch crossing) and out-of-time 
pile-up (signals from nearby bunch crossings) . The weights 
of simulated events are defined such that the distribution 
of multiple collisions per bunch crossing matches the ob- 
servation in the data period under consideration. 

3. Object Reconstruction 

The main physics objects necessary to select W^Z 
events are electrons, muons, and E^^^^. Muons arc identi- 
fied by matching tracks reconstructed in the MS to tracks 
reconstructed in the ID. Their momenta are calculated by 
combining information from the two tracks and correcting 
for energy deposited in the calorimeter. ID tracks that 
are tagged as muons on the basis of matching with track 
segments in the MS ('segment-tagged' muons [23]) are also 
included. Only muons with pT > 15 GeV and jryj < 2.5 
are considered. Non-prompt muons from hadronic jets are 
rejected by selecting only isolated muons, requiring the 
scalar sum of the pT of tracks within AR < 0.2 of the 
muon to be less than 10% of the muon px [H]- 

Electrons are reconstructed by matching clusters found 
in the electromagnetic calorimeter to tracks in the ID. 
Electron candidates must have > 15 GeV, where Et 
is calculated from the cluster energy and track direction. 
To avoid the transition regions between the calorimeters, 
the electron cluster must satisfy \ri\ < 1.37 or 1.52 < \ri\ < 
2.47. Electrons are required to pass the 'medium' identifi- 
cation criteria described in Ref. To ensure isolation, 
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the sum of the calorimeter energy in a cone of AR = 0.3 
around the electron candidate, not including the energy of 
the cluster associated to the candidate itself, must be less 
than 4 GeV. 

The E^^^^ is calculated with reconstructed electrons 
within \ri\ < 2.47, muons within |r/| < 2.7, and jets and 
calorimeter energy clusters outside of other reconstructed 
objects within \r]\ < 4.5. The clusters are calibrated as 
electromagnetic or hadronic energy according to cluster 
topology. A small correction avoids double-counting the 
energy deposited by muons in the calorimeters |30) . 

4. Event Selection 

At least one single electron or muon trigger is required 
for the event selection. A minimum of one reconstructed 
vertex, with at least three tracks associated with it, is re- 
quired to remove non-collision backgrounds. The vertex 
with the largest sum of the computed from the associ- 
ated tracks is selected as the primary vertex. Events with 
two leptons of the same flavour and opposite charge with 
an invariant mass within 10 GeV of the Z boson mass are 
selected. For the evee and fj,vfj,ii channels more than one 
lepton pair combination may satisfy this criterion and the 
pair closest to the Z boson mass is chosen. This require- 
ment of a lepton pair consistent with originating from a 
Z boson reduces much of the background from multijet 
and top-quark production, and a fraction of the diboson 
background. 

Events are then required to have at least three recon- 
structed leptons originating from the primary vertex; their 
longitudinal impact parameters with respect to the pri- 
mary vertex are required to be less than 10 mm. 

The lepton not attributed to the Z boson decay must 
pass more stringent identification criteria than the leptons 
attributed to the Z boson, and have > 20 GeV. Elec- 
trons are additionally required to pass the 'tight' identifi- 
cation criteria [29j with cuts on the matched track qual- 
ity, the ratio of the energy measured in the calorimeter to 
the momentum of the matched track, and the detection of 
transition radiation. Segment-tagged muons may not be 
used as the third lepton. 

Events are required to have E^^^^ > 25 GeV and the 
transverse mass of the boson candidate, m}^ , formed 
from the E^^^^ and the third lepton, is required to be 
greater than 20 GeV. These cuts suppress the remaining 
backgrounds from Z and ZZ production. 

At least one of the leptons is required to have fired the 
trigger. To ensure that the trigger is well onto the effi- 
ciency plateau above the threshold of the primary single- 
lepton trigger, trigger-matched leptons are required to have 
Pt > 20 GeV for muons and 25 GeV for electrons. 

5. Signal Efficiency and Background Estimate 

The fiducial efficiency is defined as the ratio of simu- 
lated signal events meeting the event selection criteria to 



the numbers of simulated event^ within the defined fidu- 
cial phase space region. The values for each channel are 
shown in Table [l] The fraction of selected simulated signal 
events which come from outside the fiducial phase space is 
13%. 

The total systematic uncertainty on the efficiency is 
3-7% depending on the decay channel and is dominated 
by the uncertainties on the electron and muon reconstruc- 
tion. These include uncertainties associated with the re- 
construction and identification efficiencies, energy scale, 
and isolation. The uncertainties are determined by com- 
paring simulated events with data in control regions and 
are 2-6% depending on the decay channel. The uncertain- 
ties on the objects involved in the Elf^^^ calculation are 
used to derive the systematic uncertainties on E^^^^ fol- 
lowing Ref. [30]. Uncertainties in the description of the 
pile-up conditions by the simulation are also considered. 
The total systematic uncertainty on the acceptance of the 
E!f^^^ and transverse mass cuts due to the imperfect sim- 
ulation is 1-2%. 

Data-driven methods are used to estimate the back- 
grounds from Z-|-jets and top-quark production. Simu- 
lation is used for the remaining background sources, in- 
cluding W/Z -\- 7 events where the photon converts into 
an electron-positron pair. The backgrounds from W^W~ 
and multijet production are negligible. For simulated events, 
the uncertainties on the theoretical cross section of the 
background processes are included in the systematic un- 
certainty. 

In the /ij/ee, evfifj, and fiu^fj, channels, the top-quark 
background contribution is evaluated from the average den- 
sity of events in the side-bands around the Z mass peak 
after applying all selection cuts except the Z boson mass 
cut. Since the background from top-quark production does 
not contain a Z boson, this density is used to estimate 
the background from top-quark production in the signal 
region within the Z mass window. The systematic un- 
certainty is estimated from various cross checks, including 
a comparison of the difference between the side-band es- 
timate and the prediction within the Z mass window in 
simulated events. This method is not applicable to the 
evee channel, since the Z-|-jet background dominates the 
side-bands due to electron misidentification, therefore a 
simulated event sample is used. 

In order to estimate the background from Z+jets events, 
a sample of events containing a Z boson candidate selected 
as described above and one "lepton-like" jet is identified. 
The lepton-like jet is a lepton candidate which does not 
explicitly have to satisfy lepton quality (e) or isolation (/i) 
requirements. To ensure that the control sample is as sim- 
ilar to the signal as possible, all other event selection crite- 
ria, including the E^'^^ and requirements, are applied. 
The background contribution is then estimated by scaling 
each event in the resulting sample by the probability /(px) 



* Contributions from r lepton decays are excluded. 
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Final State 


eee + £^1""" ee/i + E^''''' 




+ 


Fiducial EfBciency (%) 


34.3±0.8 50.2±0.9 


54.5±1.0 


81.6±1.3 



Table 1: Fiducial efficiency per channel. The uncertainty due to simulated sample size and parton distribution functions is shown. 
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Figure 1: The invariant mass of the lepton pair attributed to the 
Z boson in candidate events after the full selection. The stacked 
histograms represent the predictions from simulation or, where 
applicable, data-driven estimates including the statistical and 
systematic uncertainty shown by shaded bands. The shape of 
the top-quark background is taken from simulation. 



Figure 2: The transverse momentum of Z bosons in candidate 
events after full selection. The stacked histograms represent the 
predictions from simulation or, where applicable, data-driven 
estimates including the statistical and systematic uncertainty 
shown by shaded bands. The last bin includes the overflow. 
The shape of the top-quark background is taken from simula- 
tion. 



£;f""'' < 25 GeV 
values of EJ^''"' 



that a "lepton-like" jet satisfies the quality or isolation re- 
quirements. The scaling factor /(px) is determined from a 
data sample of events containing a Z boson plus an extra 
lepton-like jet, with a low missing transverse momentum, 
The validity of extrapolation to high 
has been verified with dijet events from 
simulation and data. An estimate of the systematic un- 
certainty is derived from the E^^^^ extrapolation in dijet 
data. 

6. Results 

The numbers of expected and observed events after the 
full selection are shown in TablelH A total of 71 W^Z can- 
didates are observed in data, with 12.1±1.4(stat.)^2 J(syst.) 
expected background events. The expected signal events 
shown in the table include the contribution from r lepton 
decays into electrons or muons. The discrepancy between 
channels in the number of observed to expected events is 
consistent with a statistical fluctuation at the 16% level. 
The invariant mass and the transverse momentum of the 
Z boson in W^Z candidate events are shown in Figures [l] 
and [2] respectively. 

The fiducial cross section is calculated from 



ATObs 



bkg 



C X Cwz- 



1 - 



(1) 



where N^^f^^ and N^^f^^ ^'^^ ^he numbers of observed and 
background events, C the integrated luminosity and 
Cy/z^tvU is the fiducial efficiency defined above. The last 
term corrects for the r lepton contribution estimated from 
the selected simulated signal sample, where iV^^ is the 
number of W^Z events with at least one of the bosons 
decaying to a r lepton and is the number of W^Z 

events with decays into any lepton flavour. For each fi- 
nal state, the simulated signal samples include W and Z 
bosons decaying into r leptons. The contribution from t 
lepton decays is 3.7% summing over all channels. 
The total cross section is calculated as 



tot 
'^WZ 



'WZ^iuU 



(2) 



B{WZ ^ ii^ei) X Awz^iM 

where B{WZ -> tvU) is the branching ratio for a 
boson to decay to Iv and a Z boson to decay to U, and 
Awz-¥ivU is the ratio of the number of events within the 
fiducial phase space region to the number of events within 
66 GeV < m^i < 116 GeV. This ratio Awz~^ivU is calcu- 
lated at NLO to be 0.342 ± 0.006 using MCFM [18 with 
PDF set CTEQ6.6, where the uncertainty arises from the 
statistical error due to the sample size in the MCFM in- 
tegration (0.6%) and parton distribution function uncer- 
tainty (1.5%). 

The cross section is determined by minimizing a neg- 
ative log-likelihood function to combine the four chan- 
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Final State 


eee + E'f?'*''' 


ee/i + £/rp 




+ £'f?'^^ 


Combined 


Observed 


11 


9 


22 


29 


71 


ZZ 


0.4±0.0 


l.OiO.l 


0.8±0.1 


1.7±0.1 


3.9±0.1±0.2 


W/Z+]ets 


2.0±0.5 


0.7±0.3 


1.7±0.5 


0.4±0.3 


4.8±0.8l^-° 


Top 


0.2±0.1 


0.8±0.6 


0.9±0.7 


0.4±0.5 


2.3±1.0±0'.5 


W/Z + -t 


0.5±0.3 




0.6±0.4 




1.1±0.5±0.1 


Total Background 


3.1±0.6 


2.5±0.7 


3.9±0.9 


2.6±0.6 


12.1±1.4t^-J 


Expected Signal 


7.7±0.2 


11.6±0.2 


12.4±0.2 


18.6±0.3 


50.3±0.4±4.3 


Total Expected Events 


10.9±0.6 


14.0±0.7 


16.4±1.0 


21.2±0.7 


62.4±1.5j:|:^ 



Table 2: Summary of observed events and expected signal and background contributions for the four trilepton channels and their combination. 
Statistical uncertainties are shown for the individual channels, and both statistical and systematic uncertainties are shown for the combined 
channel. Expected signal (W^Z) and background events from ZZ and IV/Z + 7 are predicted from MC simulation. Data-driven background 
estimation methods are used for VF/Z+jets for all decay channels. For backgrounds with top-quark decays, data-driven estimates are used 
for the fififi, efi/i and ee/i channels whereas MC simulation is used for the eee channel. W/Z -\- 7 does not contribute to the eefi and fififJ, 
channels. 



nels. Systematic uncertainties are included as Gaussian- 
constrained nuisance parameters. For each systematic un- 
certainty, correlations between signal and background pre- 
dictions are taken into account. All uncertainties are al- 
lowed to vary simultaneously in the fit. 

The measurements of the combined fiducial cross sec- 
tion for the W^Z bosons decaying directly into electrons 
and muons, and the total inclusive cross section, are 

<^wz^i.u = 102ti5(stat.);^(syst.);^(lumi.)fb (3) 

= 20.5t3;i(stat.);;;^(syst.)^°;^(lumi.)pb. (4) 

The latter can be compared with the SM expectation, 
17. Stli pb, calculated with MCFM [ig. 

In order to set limits on the anomalous coupling pa- 
rameters, a frequentist approach [31] is used with the pro- 
file likelihood ratio used as the test statistic. The limits 
are set separately on each parameter with the other cou- 
plings fixed to their SM values. A reweighting procedure 
is used to predict the numbers of expected events as func- 
tions of the parameter being studied. The uncertainties 
on the signal acceptance and efficiency and on the back- 
ground estimates are included as nuisance parameters with 
Gaussian constraints in the likelihood function. The 95% 
confidence interval (C.I.) is defined as the range(s) of the 
coupling parameter(s) for which at least 5% of randomly 
generated pseudo-experiments result in a smaller value of 
the profile likelihood ratio than is observed with the data. 

The observed and expected 95% C.I. for the anoma- 
lous couplings are summarized in Table |3] The observed 
limits are compared with D0 results from W^Z produc- 
tion in Figure [3] Other results on anomalous couplings 
from W'^W~ production can be found in Refs. [52H3H]- 
Significant improvements in these limits are expected with 
more integrated luminosity and refined extraction methods 
which take advantage of the differential spectra of kine- 
matic quantities. The anomalous couplings influence the 
kinematic properties of W^Z events and thus the fiducial 



efficiency. The Cwz variation within the measured aTGC 
limits results maximally in a 3% decrease of the fiducial 
cross section. 



Coupling 


Observed 


Observed 


Expected 




(A = 2 TeV) 


{A = 00) 


(A = C50) 


A5f 


[-0.20,0.30] 


[-0.16,0.24] 


[-0.12,0.20] 


Akz 


[-0.9,1.1] 


[-0.8,1.0] 


[-0.6,0.8] 


Xz 


[-0.17,0.17] 


[-0.14,0.14] 


[-0.11,0.11] 



Table 3: Observed and expected 95% C.I. for the anomalous cou- 
plings Agf , Akz, and \z- Expected experimental limits assume 
SM values. 



7. Conclusion 

A measurement of the W^Z production cross section 
has been performed using final states with electrons and 
muons, in LHC pp collisions at ^/s — 7 TeV with ATLAS. 
In data with an integrated luminosity of 1.02 fb~^, a total 
of 71 candidates is observed with a background expecta- 
tion of 12.1 ± 1.4(stat.);!;2 j(syst.) events. The SM expec- 
tation for the number of signal events is 50.3±0.4(stat.) ± 
4.3(syst.). The fiducial and total cross sections determined 
in the present work are given in equations [3] and |4j respec- 
tively. The total cross section is in good agreement with 
the SM expectation. Limits on the anomalous triple gauge 
couplings Af^f , Akz and \z are reported and the results 
are consistent with zero, as expected from the SM. 
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Figure 3: 95% C.I. for anomalous couplings from ATLAS and 
D0 experiments. ATLAS limits are extracted from a fit to the 
cross section while the D0 39 limits are extracted from a fit to 
the Pt{Z) spectrum. Luminosities, centre-of-mass energy and 
cut-off A are shown. 



We acknowledge the support of ANPCyT, Argentina; 
YerPhI, Armenia; ARC, Australia; BMWF, Austria; AN- 
AS, Azerbaijan; SSTC, Belarus; CNPq and FAPESP, Bra- 
zil; NSERC, NRC and CFI, Canada; CERN; CONICYT, 
Chile; CAS, MOST and NSFC, China; COLCIENCIAS, 
Colombia; MSMT CR, MPO CR and VSC CR, Czech Re- 
public; DNRF, DNSRC and Lundbeck Foundation, Den- 
mark; ARTEMIS, European Union; IN2P3-CNRS, CEA- 
DSM/IRFU, France; GNAS, Georgia; BMBF, DFG, HGF, 
MPG and AvH Foundation, Germany; GSRT, Greece; ISF, 
MINERVA, GIF, DIP and Benoziyo Center, Israel; INFN, 
Italy; MEXT and JSPS, Japan; CNRST, Morocco; FOM 
and NWO, Netherlands; RCN, Norway; MNiSW, Poland; 
GRICES and FCT, Portugal; MERYS (MECTS), Roma- 
nia; MES of Russia and ROSATOM, Russian Federation; 
JINR; MSTD, Serbia; MSSR, Slovakia; ARRS and MVZT, 
Slovenia; DST/NRF, South Africa; MICINN, Spain; SRC 
and Wallenberg Foundation, Sweden; SER, SNSF and Can- 
tons of Bern and Geneva, Switzerland; NSC, Taiwan; TA- 
EK, Turkey; STFC, the Royal Society and Leverhulme 
Trust, United Kingdom; DOE and NSF, United States of 
America. 

The crucial computing support from all WLCG part- 
ners is acknowledged gratefully, in particular from CERN 
and the ATLAS Tier-1 facilities at TRIUMF (Canada), 
NDGF (Denmark, Norway, Sweden), CC-IN2P3 (France), 
KIT / GridKA (Germany), INFN-CNAF (Italy), NL-Tl 



(Netherlands), PIC (Spain), ASGC (Taiwan), RAL (UK) 
and BNL (USA) and in the Tier-2 facilities worldwide. 

References 

[1] ALEPH, CDF, DO, DELPHI, L3, OPAL, SLD Collaborations, 
LEP Electroweak Working Group, Tevatron Electroweak Work- 
ing Group, and SLD Electroweak and Heavy Flavour Groups, 
CERN-PH-EP-2010-095 (2010). 

[2] L. Dixon, Z. Kunzst, and A. Signer, Phys. Rev. D 60, 114037 
(1999). 

[3] A. A. logansen, N. G. Ural'tsev, and V. A. Khoze, Sov. J. NucL 

Phys. 36, 717 (1983). 
[4] K. L. Adamson, D. de Florian, and A. Signer, Phys. Rev. D 

65, 094041 (2002). 
[5] K. Hagiwara, R,. D. Peccoi, and D. Zeppenfeld, Nucl. Phys. B 

282, 253 (1987). 

[6] J. Ellison and J. Wudka, Ann. Rev. Nucl. Part. Sci. 48, 33 
(1998). 

[7] ATLAS Collaboration, JINST 3, S08003 (2008). 

[8] ATLAS Collaboration, Eur.P hys.J. C 71, 1630 (2011). 

[9] ATLAS Collaboration, | ATLAS-CONF-201 1-TT6^ 

http://cdsweb.cern.ch/record/1376384 (2011) 
[10] S. Frixione and B. R. Webber, JHEP 06, 029 (2002). 
[11] S. Frixione, F. Stoeckh, P. TorrieUi, and B. R. Webber, JHEP 

01, 053 (2011). 
[12] G. Corcella et al, JHEP 01, 010 (2001). 
[13] P. M. Nadolsky et al, Phys. Rev. D 78, 013004 (2008). 
[14] J. M. Butterworth, J. R. Forshaw, and M. H. Seymour, Z. Phys. 

C 72, 637 (1996). 
[15] ATLAS Collaborat ion, [~ ATL-PHYS-P UB-2010-014,| 

http://cdsweb.cern.ch/record/1303025 (2010) 
[16] P. Golonka and Z. Was, Eur. Phys. J. C 45, 97 (2006). 
[17] R. Decker, S. Jadach, J. Kuhn, and Z. Was, Comput. Phys. 

Commun. 76, 361 (1993). 
[18] J. M. Campbell, R. Ellis, and C. Williams, JHEP 1107, 018 

(2011). 

[19] E. Accomando, A. Denner, and S. Pozzorini, Phys. Rev. D 65, 
073003 (2002). 

[20] E. Accomando and A. Kaiser, Phys. Rev. D 73, 093006 (2006). 
[21] J. Alwall et al, JHEP 09, 028 (2007). 

[22] T. Sjostrand et al, Comput. Phys. Commun. 135, 238 (2001). 
[23] C. Anastasiou, L. J. Dixon, K. Melnikov, and F. Petriello, Phys. 

Rev. D 69, 094008 (2004). 
[24] R. Hamberg, W. L. van Neerven, and T. Matsuura, Nucl. Phys. 

B 644, 403 (2002). 
[25] T. Binoth, M. Ciccohni, N. Kauer, and M. Kramer, JHEP 12, 

046 (2006). 

[26] ATLAS Collaboration, Eur.Phys.J. C 70, 823 (2010). 

[27] S. AgostineUi et al, Nucl. Instrum. Meth. A 506, 250 (2003). 

[28] ATLAS Collaboration, T ATLAS-CO NF-2011-063,] 

http://cdsweb.cern.ch/record/1345743 (2011) 
[29] ATLAS Collaboration, submitted to Eur. Phys. J. C. (2011), 

arXiv:1110.3174 . 
[30] ATLAS Collaboration, submitted to Eur. Phys. J. C. (2011), 

arXiv:1108.5602 . 
[31] G. Cowan, K. Cranmer, E. Gross, and O. Vitells, Eur. Phys. 

J. C 71, 1554 (2011). 
[32] OPAL Collaboration, Eur. Phys. J. C. 33, 463 (2004). 
[33] DELPHI Collaboration, Eur.Phys.J. C 66, 35 (2010). 
[34] ALEPH Collaboration, Phys. Lett. B 614, 7 (2005). 
[35] L3 Collaboration, Phys. Lett. B 586, 151 (2004). 
[36] CMS Collaboration, Phys. Lett. B 699, 25 (2011). 
[37] DO Collaboration, Phys. Rev. Lett. 103, 191801 (2009)] 
[38] CDF Collaboration, Phys. Rev. Lett. 104, 201801 (2010). 
[39] DO Collaboration, Phys. Lett. B 695, 67 (2011). 



6 



The ATLAS Collaboration 



G. Aad^s, B. Abbott"!, Abdallah", A.A. Abdelalim4^ A. Abdesselam"^^ O. Abdinoyio, B. Abi"^ M. Abolins^s, 

H. Abramowiczi-", H. Abrcu"-\ E. Acerbi^^'^'^^'^, B.S. Acharya^^^'^'is^b^ D.L. Adams^^, T.N. Addy5^ J. Adelmani^^^ 
M. Aderholz^s, S. Ado^lcit9^ P. Adragna^^^ T. Adye^^s, S. Aefsky^^, J.A. Aguilar-Saavcdrai24b.a^ M. Aharrouche8\ 
S.P. Ahlcn^i, F. Ahlcs^s, A. Ahmad^^s, M. Ahsan^o, G. Aiclli"3a,i33b^ rp Akdogani^a, T.P.A. Akesson™, 

G. Akimotol^^ A.V. Akimov A. Akiyama^^, M.S. Alami, M.A. Alam^^^ Albert^^f, S. Albrand5^ M. Aleksa^^ 

I. N. Aleksandrov'^^ F. Alessandria^^^, C. Alexa^^^, G. Alexander^ss^ G. Alexandre''^, T. Alexopoulos^, M. Alhroob^^, 
M. Alieyis, G. Alimonti*^^'^, J. Alisoni^o, M. Aliycyio, P.P. AUport^^^ S.E. Allwood-Spiers-'^^^ J. Almond**2, 

A. Aloisioi°2a,i02b^ Aloni^\ A. Alonso^^ B. Alvarez Gonzalez^^, M.G. Alviggii02a,i02b^ Amako^e, R Amaral^^, 

C. Amclung^^, V.V. Ammosov^^*, A. Amorim^^''''''', G. Amoros^'^'^, N. Amram^''^^, C. Anastopoulos^'' , L.S. Ancu^'^, 
N. Andari"^ T. Andccn^^, C.F. Anders^o, G. Andcrs^^a^ j Anderson^o, A. Andrcazza^^^'^^*^, V. Andrci^^'', 
M-L. Andrieux^'^ X.S. Anduaga^°, A. Angerami^*, F. Anghinolfi^^ , A. Aniscnkov^o"^, N. Anjos^^'''', A. Annovi"'^, 

A. Antonaki^, M. Antonelli"*^, A. Antonov^^^ j Antosi*""^, F. Anullii32a^ g Aoun^^ L. Aperio Bella'', R. Apolle"^'^ 
G. Arabidze^s, I. Aracena"^^ Y. Arai^^^^ A.T.H. Arcc^^, J. P. Archambault^s , S. Arfaoui^^^ J-F. Arguin", E. Arik^Sa.*, 
M. Arik^®'', A.J. Armbruster^ , O. Arnacz^^ A. Artamonov^'"^ , G. Artoni^-''2'''i32'^, D. Amtinov^o, S. Asai^^'\ 

R. Asfandiyarovi'^2^ g Ask^'^, B. Asman^s^^^s*", L. Asquitli-\ K. Assamagan^^, A. Astbury^^^, A. Astvatsatourov^^^ 

B. Aubcrt"*, E. Augo"'\ K. Augstcni^^^ M. Aurousscau^sa, G. AvoIioi*^'-\ R. Avramidoii^ D. Axcnl^^ C. Ay^^, 

G. Azuclos'''^''', Y. Azumai^s^ M.A. Baak^^, G. Baccagiioni*^'\ C. Bacci^-^^'"'^-^^' , A.M. Bach^*^ jj. Bacliacoui-'^e^ 

K. Bachas29, G. Bachy^^ M. Backcs^^, M. Backhaus^o, E. Badescu^S'*, P. Bagnaiai32a,i32b^ g_ Bahinipati^, Y. Bai32a, 

D. C. Bailcyi-^s, T. Bain^s^ J.T. Baincsi^s, O.K. Bakci-i^^ M.D. Bakcr^^, S. Bakcr^^ E. Banas'^^ P. Bancrjcc^'\ 

Sw. Bancrjcci^2^ D. Banfi^", A. Bangcrti'"^", V. Bansal"'", H.S. Bansil^^ L. Baraki^\ S.P. Baranov"^ A. Bal■ashkou'5^ 
A. Barbaro Galticri", E.L. Barbcrio*^, D. Barbcris^Oa.sob^ Barbcro^o, D.Y. Bardin^'^ T. Barillari^^ 
M. Barisonzii^"^ ^ Barklow"-\ N. Barlow^"^, B.M. Barnctti^o^ R.M. Barnett", A. Baronccllii-'^''^, G. Barone''^, 
A.J. Barr^^*, F. Barrciro*^, J. Barreiro Guimaraes da Costa'''', R. Bartoldus^**^, A.E. Barton''^, V. Bartsch^"'^, 
R.L. Batcs''^^^ L Batkova"''^, J.R. Batley^^, A. Battaglia^^ M. Battistin^^, G. Battistoni^^^, F. Bauer^^e^ 

H. S. Bawa"3.% B. Beare^^^^ T. Beau^^ P.H. Beaucheminiei , R. Beccherle^O'^, P. Bechtle^o, H.P. Beck^e, S. Becker^^, 
M. Beckinghami38, K.H. Becks"^ A.J. Beddalli8<=, A. Beddall^^c^ g. Bedikiani^^^ V.A. Bednyakov^s, C.P. Bee^^, 

M. Bcgcl24, S. Bchar Harpaz^-'^^ P.K. Bchcra*^■^ M. Beimforde^^, C. Belanger-Champagne8^ P.J. Bell'*^ W.H. Bell^^, 
G. Be\\a}^\ L. Bellagambai^'^, F. Bellina^s, M. Bellomo^s, A. Belloni", 0. Beloborodovai°^ K. Belotskiy^^ 
O. Beltramello^s, S. Ben Am.i'^^'^, O. Benary^^^ D. Benchekrouni^sa^ C. Benchouk^^^ m BendelS\ N. Benekosl'5^ 
Y. Bcnhammou^"'''^, J.A. Bcnitcz Garcia^^^*^, D.P. Benjamin^'*, M. Benoit^^^, J.R. Bensingcr^^, K. Bcnslama"'^^, 
S. Bentvelsen^°^, D. Berge^^, E. Bergeaas Kuutmann^^, N. Berger'', F. Berghaus^^^, E. Berglund^°^, J. Beringer^^, 
P. Bernat^^, R. Bernhardt*, C. Bernius^^, T. Berry^^ C. Bertella^^ A. Bertini^^'i^b, p. Bertinelli^^, 

F. Bertoluccii22a,i22b^ Besana89a.89b^ N. Bessoni^e^ S. Bethke^^, W. Bhimji^s, R.M. Bianchi^s, M. Bianco^2a,72b^ 
O. Biebel^s, S.P. Bieniek^^ K. Bierwagen^^, J. Biesiadal^ M. Bigliettii34a,i34b^ jj Bilokon^'', M. Bindi^^^'i^'^, 

S. Binet"^ A. Bingul^^^ C. Binii32a,i32b^ q Biscaratl''^ U. Bitenc^^, K.M. Black^i, R.E. Blair^ J.-B. Blanchard"^, 

G. Blanchot^s, T. Blazck"'*^, C. Blockcr22, J. Blocki^s, A. Blondel''^, W. Bluni*^\ U. Blumenschein'^'', 

G.J. Bobbinkio^ V.B. Bobrovnikov^o^ S.S. Bocchetta^^^ A. Bocci^*, C.R. Boddy"^, M. Boehler^\ J. Boeki''^, 

N. Boelaert^^, S. Boser^'', J.A. Bogaerts^^, A. Bogdanchikovi°^, A. Bogoucli"" *, C. Bohmi^^a^ y Boisvert^^, 

T. Bold^'^, V. Boldea^sa^ N.M. Bolnct^^e^ M. Bona'^^ V.G. Bondarcnko'^^ ^ j^j^ Bondiolii^^^ Boonekampi^e^ 

G. Boorman7^ C.N. Boothi^s, S. Bordoni^s, C. Borer^^ A. Borisoyi^s, G. Borissov^\ I. Borjanovici^a, g. BorroniS^, 

K. Bos^°s, D. Boscheriniis^, M. Bosman", H. Boterenbrood^°s, D. Botterill^^g^ j Bouchami^^^ j Boudreau^^^, 

E. V. Bouhova-Thacker", C. Bourdarios"^, N. Bousson83, A. Bovcia^", J. Boyd^^ I.R. Boyko^^ N.I. Bozhko^^s, 

I. Bozovic-Jelisavcic^^'', J. Bracinik^'^, A. Braem^^, P. Branchini^^'''^, G.W. Brandenburg^^, A. Brandt^, G. Brandt^^^, 
O. Brandt^^, U. Bratzler^^s^ b. Brau^*, J.E. Brau^^^, H.M. Braun^^^, B. Brelier^ss, J. Bremer^^, R. Brenneri^e, 

S. Bressler^^^ D. Breton"^ D. Britton^^, F.M. Brochu^'^, I. Brock^", R. Brock^s, T.J. Brodbcck'^\ E. Brodet^^^, 

F. Broggi^^'^, C. BrombergSS, J. Bronner^^, G. Brooijmans^^, W.K. Brooks^i^, G. Brown82, H. Brown^, 

P.A. Bruckman de Renstrom^^, D. Bruncko"^^, R. Bruneliere^^, S. Brunet^S A. Bruni^^*^, G. Bruni^^'', M. Bruschi^^^, 

T. Buancsl^ Q. Buat^^ F. Bucci''^, J. Buchanan"^ N.J. Buchanan^, P. Buchholz"\ R.M. Buckingham"^^ 

A.G. Buckley-^s, S.I. Buda^^a, LA. Budagov^^^ B. Budickio^, V. BiischerSi, L. Bugge"^ D. Buira-Clarki^s, 

O. Bulekov9^ M. Bunse'*^, T. Buran^^^ H. Burckhart^^, S. Burdin''^, T. Burgcss^^, S. Burke^^g^ Busato^^, 

P. Bussey'^^^ c.P. Buszellol*'^ F. Butin^^, B. Butlcr"^^ J.M. Butler^i, CM. Buttar"^ J.M. Butterworth'^'^, 

W. Buttinger^^, S. Cabrera Urban^^^^ D. Caforioi^'^'is'', O. Cakir^a, R Calafiura", G. Calderini^s^ P. Calfayan^^, 

R. Calkinslo^ L.R Caloba^^a, R. Caloii32a,i32b^ ^ Calvet^^^ S. Calvet^^, R. Camacho Toro^^, P. Camarrii33a,i33b^ 

M. Canibiaglii"9^'"9b, p Cameron"^ L.M. Caminada", S. Campana^^ M. Campanelli^^ V. Canalci"2a,i02b^ 

F. Canelli^O'/, A. Canepa^^Qa^ Cantero^o, L. Capassoi02a,i02b^ M.D.M. Capeans Garrido^s, 1. Caprini^sa, 



7 



M. Caprini^sa, p Capriotti^^^ M. Capua^e^'Seb^ ^ Caputo^i, R. Cardarellii^Sa^ t. Carli^^, G. Carlinoi°2a^ 
L. Carminati^^^'^s'^, S. Caron^s, G.D. Carrillo Montoyai^^ A.A. Carter^^^ J.R. Carter^^, J. Carvalhoi24a,s^ 

D. Casadcii"«, M.P. Casado", M. Casccllai22a.i22b^ Caso^o^'^"'''*, A.M. Castaneda Hernandezi^^^ 

E. Castaneda-Miranda^^^^ V. Castillo Gimcnczi^^, N.F. Castroi^*^^ G. Cataldi^^a^ Cataneo^^^, A. Catinaccio^^, 
J.R. Catmore^i, A. Cattai^^, G. Cattanii33a,i33b^ CaughronSS, D. Cauzi64a,i64c^ p_ Cavalleri^s^ D. Cavalli^^'*, 
M. Cavalli-Sforza", V. Cavasinnii22a,i22b^ p Ccradinii34a,i34b^ ^ g Ccrqucira^sb, ^ Ccrri^s, L. Ccrrito^s^ 

F. Cerutti'*^ S.A. Cetin^^^, F. Coveninii02a,i02b^ ^ Chafaqi^s^, D. Chakrabortyi°6, K. Chan^, B. Chapleau^s^ 
J.D. Chapman^^, J.W. ChapmanS^, E. Chareyre^^ D.G. Charlton^'', V. Chavda^^, C.A. Chavez Barajas^^, 

S. Cheatham^s, S. Chckanov^, S.V. Cliekulaevi59% G.A. Chclkov65, M.A. Cliclstowskai"*, C. Chcn^^, H. Chen^^, 
S. Chen32<=, T. Chcn^^'=, X. Chcni^^ S. Cheng32a, ^ Clicplakov^s, V.F. Chcpurnov^s , R. Clicrkaoui El Mourslii^s^, 
V. Chemyatin24, E. Clieu^, S.L. Cheungi^s, L. Chcvalicri^^ G. Chiefarii°2a,i02b^ L_ Chikovani5i% j cijiiders-"^^^, 
A. Chilingarov^i, G. Cliiodini^^a^ y ciiizliov'^-\ G. Clioudalakis^o, S. Chouridoui^^^ LA. Christidi^^ A. Christov^^, 
D. Chronick-Burckhart29, M.L. Clm^'^\ J. Chudobai^s, G. Ciapcttii32a,i32b^ Ciba^^, A.K. Ciftcr''^, R. Ciftci^'^, 
D. Cinca^s, V. Cindro^"^ j^j p,^ Ciobotami^s^ C. Cioccai^^, A. Ciocio", M. CiriUi^^ M. Ciubancan^-^'^, A. Clark^^, 
P.J. Clark^s, W. Clclandi23, j.C. Clcmcns«-\ B. Clcmcnt5'\ C. Clement "6a,i46b^ Cliffti^^, Y. Coadou*^^ 

M. Cobali64a,i64c^ ^ Coccaro^o^^so'', J. Cochran^^, R Coe"^ J.G. Cogun^^^, J. Coggcslialli*^'^ E. Cogneras^^^ 
CD. Cojocaru28, J. Colas^, A.P. Colijnios^ C. Collard"^, N.J. Collinsi^ C. CoUins-Tooth^^^ J. Collot5^ G. Colon^^, 
P. Conde Muiiioi24a^ e. Coniavitis"^ M.C. Conidi", M. Consonniio", V. Consorti^s, S. Constantinescu^s^, 

C. Conta"^''''"^'^, F. Conventii"2a,/i^ j Cook^^, M. Cooke", B.D. Cooper^^ A.M. Cooper-Sarkar"^^ K. Copied*, 

T. Cornclisseni^4^ Corradii"^, F. Corriveau*^5'^ A. Cortcs-Gonzalezi*^''\ G. Cortiana^^ G. Costa^^^^, M.J. Costa^*^^, 

D. Costanzoi-''^ T. Costiir™, D. Cote^^ L. Courneyeai'^^ G. Cowan^^ C. Cowden^^, B.E. Cox82, Cranmerio^, 
F. Cresciolii22a,i22b^ Cristinziani^", G. Crosetti-''6^'36b^ (^j,^pj72a,72b^ g_ Crcpc-Renaudin''^^ C.-M. Cuciuc^^'^, 

C. Cuenca Almenar^^s^ T. Cuhadar Donszclmanni^s, M. Curatolo^^, C.J. Curtis^^ C. Cuthberti^o, p. Cwetanski^i, 
H. Czirri^i, Z. Czyczulai^-\ S. D'Auria^^ M. D'Onofrio^-\ A. D'Orazioi32a,i32b^ P.V.M. Da SiW^^, C. Da Via^^^ 
W. Dabrowski^^, T. Dai«^ C. Dallapiccola^^^ j^p Danr'', M. Dameri'^^'^o*^, D.S. Damianii^^ H.O. Danielsson^^, 

D. Dannheim^s, V. Dao^^, G. Darbo^o^, G.L. Darlea^s^^ C. Baum^°^, W. Davey^o, T. Davidek^^e^ N. Davidson^*^, 
R. Davidson^i, E. Davies"^'^ M. Davies^^^ ^.R. Davison^^, Y. Davygora^^'^, E. Dawe"^, I. Dawsoni^s, 

J.W. Dawson^.*, R.K. Daya^^, K. De^ R. de Asmundis^o^a^ g. De Castroi^'^'i^b^ re. De Castro Faria Salgado^^, 

S. De Cecco^s^ j Graat^^, N. De Grootio^^ r de Jonglo^ C. De La Taille"'\ H. Dc la Torre*", B. De Lotto^*^^'''^*^^^ 

L. de Mora^i, L. De Nooijl°^ D. De Pedis"2a^ a. De Salvo"2a^ u. De Sanctisi64a,i64c^ A. De Santo"^ 

J.B. De Vivie De Regie"^, S. Dean^^, W.J. Dearnaley^\ R. Debbe^*, C. Debenedetti^^^^ D.V. Dedovich^s, 

J. Degenhardt^^o, M. Dehchar"*^ C. Del Papai^'*'''!^'*^ J. Del Peso^o, T. Del Pretci22a,i22b^ p Delemontex^s , 

M. Deliyergiyev''^ A. DelPAcqua^^, L. Dell'Asta^i, M. Delia Pietrai°2a,A^ della Volpei°2a,i02b^ j^p Delmastro^ 

N. Delruelle^^, P.A. Delsart^^ C. Deluca"^, S. Demers^^^, M. Demichev*'^, B. Demirkozi^'^ J. Dengi'^s, 

S.P. Denisoyi^s, D. Derendarz-^^ J.E. Derkaoui"^'^, F. Derue^^ P. Dervan'^^^ ^ Desch^o, E. Devetak^^^ 

P.O. Deviveirosi°5, A. Dewhursti^s, B. DeWilde"*, S. Dhaliwali^*^ R. DhuUipudi^^.*:, A. Di Ciaccioi33a,i33b^ 

L. Di Ciaccio^, A. Di Girolamo^s, B. Di Girolamo^s, S. Di Luisei34a,i34b^ pji Mattia^^^^ B. Di Micco^s, 

R. Di Nardo^^, A. Di Simonei33a,i33b^ p, gjpj^iga.igb^ Diaz^i^, F. Diblenl*^^ E.B. Diehl*^^, J. Dietrich''^, 

T.A. Dictzsch^sa^ g Diglio*^ K. Dindar Yagci^^, J. Dingfelder^", C. Dionisii32a,i32b^ p_ Dita^^^, s. Dita^^^, p. Dittus^^, 

F. Djama83, T. Djobava^i'^, M.A.B. do Vale^^^, A. Do Valle Wemans^^^*, T.K.O. Doan^, M. Dobbs^^, 

R. Dobinson ^s.*, D. Dobos^^, E. Dobson^^, M. Dobsoni^^s, j. Dodd^^, C. Doglioni"*, T. Doherty^^^ Y. Doi^*^-*, 

J. Dolejsii26, L Dolenc^'', Z. Dolezali^e, B.A. Dolgoshein^^.*, T. Dohmael5^ M. Donadelli23d, M. Donega^^o^ 

J. Donini33, J. Dopke^^, A. Doria^o^a^ a. Dos Anjos^^^^ M. Dosili\ A. Dottii22a,i22b^ ^ -j, Dq^^™, J.D. Dowelli^ 

A.D. Doxiadisl°^ A.T. Doyle^^^ 2. Drasal^^fi, J. Drees"^, N. Dressnandti^o^ H. Dreverniann^^^, C. Driouichi^s, 

M. Dris^, J. Dubbert^^, S. Dube", E. Duchovnii^i, G. Duckeck^*, A. Dudarev^^, F. Dudziak^^, M. Diihrssen ^9, 

LP. Duerdoth^^^ L. Duflotll^ M-A. Dufour^^^ M. Dunford2^ H. Duran Yildiz^^, R. Duxfield^^Q^ ^ Dwuznik^^, 

F. Dydak ^9, M. Diiren^^ W.L. Ebenstein"-*, J. Ehke^^, S. Eckwciler^i, K. Edmonds*\ C.A. Edwards™, 

N.C. Edwards53, W. Ehrenfeld4\ T. Ehrich99, T. Eifert29, G. Eigen", K. Einsweilerl^ E. Eisenhandler™, T. Ekelofl'^^ 

M. El Kacimii35c^ m. Ellert^^^, S. Elles^, F. Ellinghaus^i, K. Ellis™, N. Ellis29, J. Elmsheuser9^ M. Elsing29, 

D. Emeliyanovi29^ R. Engelmann"*, A. Engl9s, B. EppS2, A. Eppig*"^, J. Erdmann^^ , A. Ereditato™, D. Eriksson"^^, 

J. Ernst\ M. Ernst^^, J. Ernweini^e, D. Erredel'^^ S. Errede^^^, E. Ertel8\ M. Escalier"^, C. Escobari^s, 

X. Espinal Curulli\ B. Esposito"*^, F. Etienne®^, A.I. Etienvre^^*', E. Etzion^^^, D. Evangelakou^^, H. Evans^S 

L. Fabbrii9a.i9b^ c. Fabre29, R.M. Fakhrutdinoyi^s, S. Falcianoi32a^ y. Fang^^^^ M. Fanti*9a,89b^ a. Farbin^, 

A. Farilla^^^^, J. Farley"*, T. Farooque^^*, S.M. Farrington"*, P. Fartliouat29, R Fassnacht^^, D. Fassouliotis* , 

B. Fatholahzadehi^*, A. Favareto*^'*'*^^, L. Fayard"^ S. Fazio^^^a.seb^ Febbraro^^, P. Federic"^'*, O.L. Fedin^^i, 
W. Fedorko**, M. Fehling-Kaschek^*, L. Feligioni*3, C. Feng32d, E.J. Feng^", A.B. Fenyuk^^s, J. Ferencei"^'', 

J. Ferland^^^ ^^ Fernando^o^, S. Ferrag^^^ j Perrando^^^ V. Ferrara4\ A. Ferrarii^*^, P. Ferrari^o^, R. Ferrarii^9a^ 



8 



A. Ferreri67, M.L. Ferrer''^, D. Ferrere^^, C. Ferretti^^ A. Ferretto Parodi^°'''5°'^, M. Fiascaris^o, F. Fiedler^i, 

A. Filipcic^^, A. Filippas^ F. Filthauti°4, M. Fincke-Keeleri^s, M.C.N. Fiolhaisi24a,g^ l_ Fiorinii^^, A. Firan^s, 

P. Fischer ^o, M.J. Fisher^o^ M. Flcchl^s, I. Flcck^i, J. Fleckner^i, P. Fleischmanni^^^ S. Fleischmanni^^^ T. Flick^^^, 

L.R. Flores Castillo"^, M.J. Flowerdcw''^ M. Fokitis^ T. Fonseca Martinl^ D.A. Forbush^^s^ Formica^^*^, 

A. Forti^^ D. Fortini^^'^, J.M. Foster**^ D. Fournier"^, A. Foussat^^, A.J. Fowler''^, K. Fowler^^^^ H. Fox'^\ 
P. Francavillai22a,i22b^ g Franchino"'^'^'"^'', D. Francis^^, T. Frank^^i, M. Franklin^^, S. Franz^^, 

M. Fratcrnali"-'''''"'"^, S. Fratina^^o^ S.T. French^^, F. Friedrich R. FrocschP^, D. Froidevaux^^ , J.A. Frost^^, 

C. Fukunagais*^, E. Fullana Torregrosa^^ , J. Fuster^^^, C. Gabaldon^^, O. Gabizoni^\ T. Gadfort^^, S. Gadomski^^, 

G. GagliardP^'^"*^, P. Gagnon^i, C. Galea"*, E.J. Gallas"^ V. Galloi^, B.J. Gallopi^s, p. Gallus^^s, K.K. Ganio", 
Y.S. Gaoi43,e^ v.A. Gapicnkoi^s, A. Gaponenko", F. Garberson^^^ M. Garcia-Sciveresi", C. Garcfai^^^ J.E. Garcia 
Navarro^s^, R.W. Gardner^o, N. Garelli^", H. Garitaonandial°^ V. Garonne^", J. Garvey^^ C. Gatti"*^, G. Gaudio^^'''', 
O. Gaumer^f, B. Gaur"i, L. Gauthieri^e, I.L. Gavrilenko"^, C. Gayi^s, G. Gaycken^o, J-C. Gayde^", E.N. Gazis^ 

P. Ge^^2d^ C.N.F. Geei29, D.A.A. Geerts^o^^ Ch. Geich-GimbeP, K. Gellerstcdti^ea.web^ q Gemme5"% A. GemmelF^ 
M.H. Gencst^s, S. Gentilci32a,i32b^ Gcorge''^^ S. George^^ P. Gerlaehi^^^ A. Gershoni^a, C. Geweniger^^*, 

H. Ghazlanei35b, p. Ghez^, N. Ghodbane^^, B. Giacobbei'^''^, S. Giagui-'^^^'i^^b^ y Giakoumopoulou*, 

V. Giangiobbei22a,i22b^ p GianottP, B. Gibbard^^, A. Gibsoni^*, S.M. Gibson^^ L.M. Gilbert"^ V. Gilewsky^S 

D. Gillberg28, A.R. Gillmani^o, D.M. Gingrich^^'', J. Ginzburgi-^'\ N. Giokaris*, M.P. Giordanii64c^ 

R. Giordanoi"2a,i02b^ p^j Giorgii'\ P. Giovannini'^", P.F. Giraudi-'^f', D. Giugni*'^^, M. Giunta'^^ P. Giusti^"^, 

B. K. Gjelsten"^ L.K. Gladilin'^^ C. Glasman*", J. Glatzer^*, A. Glazov^i, G.L. Glonti6^ J. Godfreyi^s, 

J. Godiewski29, M. Goebel^i, T. Gopfert*^, C. Goeringer^i, C. Gossling*^ T. Gottfert"", S. Goldfarb*^^ T. GoUingi^s^ 
S.N. Golovniai2s, A. Gomesi24a,b^ l.S. Gomez Fajardo^i, R. Goncalo^^ J. Goncalves Pinto Firmino Da Costa^i, 
L. Gonella^", A. Gonidec^'^ S. Gonzalezi^^^ S. Gonzalez de la Hozi'^^ G. Gonzalez Parra", M.L. Gonzalez Silva^^, 
S. Gonzalez-Sevilla^f, J.J. Goodson^^s, L. Goossens^", P.A. Gorbounov9'\ H.A. Gordon^^, I. Gorelovio^, G. Gorfine^^^, 

B. Gorini29, E. Gorini^2a,72b^ ^ Gorisek^^^ E Gornicki'^s, S.A. Gorokhovi^s, V.N. Goryacheyi^s, B. Gosdzik^i, 
M. Gosselinkios^ M.I. Gostkin^^, I. Gough Eschrichi^^^ M. Gouighrii^-^'^, D. Goujdamii-''5'=, M.P. Goulette''^ 

A.G. Goussiou"8, C. Goy^, S. Gozpinar22, I. Grabowska-Bold'^^, P. Grafstrom^s, K-J. Grahn^i, F. Grancagnolo^^'*, 

S. GrancagnolQis, V. Grassi"^ V. Gratcheyi^i, N. Grau^^, H.M. Gray^^, J.A. Gray"^, E. Grazianii34a^ 

O.G. Grebenyuki2i, T. Greenshaw^^^ 2.D. Greenwood^^.'^, K. Gregersen^s, I.M. Gregor^i, P. Grenier"^, 

J. Griffithsl■''^ N. Grigalashvili^^ A.A. Grilloi^^, S. Grinstein", Y.V. Grishkcvich^^ J.-F. Grivaz"^^ M. Groh^^, 

E. Grossi^i, J. Grosse-Knetter54, J. Groth-Jenseni", K. Grybel^i, V.J. GuarinoS, D. Guestl^^ C. Guicheney^s, 
A. Guida''2'^'^2b^ g GuindonS", H. Guler^s.', J. Guntheri^s, B. GuqI^s, J. Guo^^, A. Gupta^o, Y. Gusakov^s, 
V.N. Gushcliini28, A. Gutierrez^^, P. Gutierrez"!, N. Guttman^^^ O. GutzwiUeri^^ C. Gnyot^^e^ C. Gwenlan"^^ 

C. B. Gwilliam^^ A. Haas"3, s. Haas^^, C. Haber", R. Hackenburg^^, H.K. Hadavand^^, D.R. Hadley^^ P. Haefner^^, 

F. Hahn^s, S. Haider^^, Z. Hajduk3^ H. Hakobyani^^ J. Haller^^, K. Hamacheri^*, P. Hamal"^, M. HamerS^, 

A. Hamiltoni45b^ g Hamiltoni^i, H. Han32a, L. Han'^^b^ Hanagaki"^ K. Hanawa^^", M. Hance^^, C. Handel^^, 
P. Hanke^®^, J.R. Hansen^s, J.B. Hansen^^, J.D. Hansen^s, P.H. Hansen^^, P. Hanssoni^^^ llaxa}^°, G.A. Hare^^^, 
T. Harenbergi74^ g Harkusha^^, D. Harper^^, R.D. Harrington^s , O.M. Harris^^s^ ^ Harrisoni^, J. Hartert^^ 

F. Hartjeslo^ T. Haruyama*^'^ A. Harvey^^ S. Hasegawai°\ Y. Hasegawa"", S. Hassani"6^ M. Hatch^^, D. Haufl?^, 
S. Haugl^ M. Hauschild29, R. Hauser^s, M. Havranek^o, B.M. Hawes"^, CM. Hawkesi^ R.J. Hawkings^^, 

D. Hawkins^^^, T. Hayakawa6^ T. Hayashii^o^ D Hayden^^^ H.S. Hayward^^^ S.J. Haywoodi^s, E. Hazen^i, M. He^^d^ 
S.J. Head^^, V. Hedberg^^ L. Heelan^, S. Heim^^, B. Heinemanni^, S. Heisterkamp^s , L. Helary-*, C. Heller^^, 

M. Heller29, S. Hellman^^ea.ueb^ p, Hellmich^o, C. Helsens", R.C.W. Henderson^i, M. Henke^^a, A. Henrichs^'', 
A.M. Henriques Correia^^, S. Henrot-Versille"^, F. Henry-Couannier^^, C. Hensel^^, T. HenB^'^^, C.M. Hernandez'^, 
Y. Hernandez Jimenez^^^, R. Herrberg^''', A.D. Hershenhorn^^^, G. Herten'*^, R. Hertenberger^^, L. Hervas^^, 
N.P. Hesseyi°5, E. Higon-Rodriguezi^^, D. HiU^'*, J.C. HilP^, N. Hill^, K.H. Hiller^i, S. HiUert^o, S.J. Hillier^^ 

I. Hinchliffe^*, E. Hines^^o, M. Hirose"^ F. Hirsch^^, D. Hirschbuehli^^, J. Hobbs^^*, N. Rod^^^, M.C. Hodgkinson^^s, 
P. Hodgsoni39, A. Hoecker29, M.R. Hoeferkampio^^ j. Hoffmanns, D. Ho^fmann*^^ M. Hohlfeld*\ M. Holderi^i, 

S.O. Holmgreni46a^ x. Holyi^T, J.L. Holzbauer^s, Y. Homma^^ T.M. Hong^^o, L. Hooft van Huysduynenio^, 
T. Horazdovskyi27^ C. Horni^^, S. Horner^^^ J-Y. Hostachy^s, S. Hou^^i^ ^ ^ Houlden^^^ a. Hoummada^^^^*, 
J. Howartli82, D.F. Howell"^ I. Hristova i\ J. Hrivnac"^, I. Hruskai^s, T. Hryn'ova", P.J. lisn^\ S.-C. Hsui'', 

G. S. Huang"!, 2. Hubacek^^T^ p Hubaut*^, F. Huegging^o, T.B. Huffman"^, E.W. Hughes^^, G. Huglies^\ 
R.E. Hughes- Jones*^2 M. Huhtinen^^, P. Hurst^^, M. Hurwitz^^, U. Husemann^i, N. Huseynov^^'™, J. Huston^^, 
J. Huth^^, G. lacobucci"'^, G. lakovidis^, M. Ibbotson*^, I. Ibragimov^'*-'^ , R. Ichimiya^^, L. Iconomidou-Fayard-'^!''', 
J. Idarraga"^ P. Iengoi°2a,i02b^ q igonkina^os^ Y. Ikega^li''^ M. Ikeno'*^ Y. Ilchenko^^, D. Ihadisl^^ N. Ilicl5^ 

D. Imbault^*, M. Imoril5^ T. Ince^o, J. Inigo-Golfin^s, P. Ioannou^ M. lodice^^^'*, A. Irles Quiles^s^ C. Isakssoni^^^ 
A. Ishikawa'5'^, M. Ishino*^^, R. Ishmukhametov^^ , C. Issever"*^, S. Istin^*^'", A.V. Ivashin^^*^, W. Iwanski^^, 

H. Iwasaki^e, J.M. Izen^o, V. Izzoio^a^ b. Jackson^^o^ j ^ Jackson^^^ P. Jackson"3, M.R. JaekeP^, V. Jain^i, 
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K. Jakobs'^s, S. Jakobsen^^, J. Jakubek^^^^ D.K. Jana"\ E. Jankowskii^^, E. Jansen^^ H. Jansen^^, A. Jantsch^^, 
M. Janus^o, G. Jarlskog™, L. Jeanty", K. Jelen^^, I. Jen-La Plante^o, P. Jennies, A. Jere^lie^ P. Jez^^, S. Jezequel^, 
M.K. Jhai9% H. Jii72^ W. Ji^i, J. Jia^^s, Y. Jiang-'^^b^ Jimenez Belenguer^i, G. Jin32b, S. Jin-'^^a^ q. Jinnouchii", 
M.D. Joergensen^s, D. Joffe^^, L.G. Johansen^^, M. Johanscn"'^'''"'^'^, K.E. Johansson^'^Sa^ p johanssoni^s, 
S. Johnert^S K.A. Johns^ K. Jon-And"6a,i46b^ q joncsS2, R.W.L. Jones^^, T.W. Jones'"^, T.J. Jones^^ O. Jonsson^^, 

C. Joram29, P.M. Jorgci24a.fc^ j. Josephi4, T. Jovini^b^ x. Ju^^^^ C.A. Jung42, V. Juraneki^^, R JusseF, 

A. Juste Rozas", V.V. Kabachenko^^s^ Kabanai*5, M. Kaci^^^ A. Kaczmarska^^, P. Kadlecik^^, M. Kado"^ 

H. Kagani09, M. Kagan", S. Kaiser^^, E. Kajomovitzi52, s. Kalinini^^, L.V. Kalinovskaya'^^ S. Kama^^, 

N. Kanaya^ss, M. Kaneda29, T. Kannoi^^^ V.A. Kantserov^^ J. Kanzaki^e, B. Kaplani7'\ A. Kapliy^o, J. KapW^, 

D. Kar43, M. Karagoz"*, M. Karnevskiy^i, K. Karr^, V. Kartvclishvili^i, A.N. Karyukhini28, L. Kashifi^2^ 

G. Kasieczka'^^'^, A. Kasmi^^, R.D. Kass^o^, A. Kastanas", M. Kataoka'', Y. Kataokal^^ E. Katsoufis^, J. Katzy4\ 
V. Kaushik^, K. Kawagoe^^ T. Kawamotoi^s^ G. Kawamura^^, M.S. Kayll"^ V.A. Kazanini"'^, M.Y. Kazarinov^s, 
J.R. KcatcsS2, R. Keeleri69, R. Kehoe^^, M. KeiF, G.D. Kekclidzc^s, J. Kcnncdy^^ C.J. Kcnncyi^s, M. Kcnyon^s, 
O. Kepkai25, N. Kcrschcn29, B.P. Kcrscvan^-*^ g_ Kersten"^^ ^ Kcssokul5^ J. Keung^^^ M. Khakzad28, 

F. Khalil-zada^", H. Khandanyani^s^ A. Khanov"2^ d. Kharchcnko*^'\ A. Khodinov9^ A.G. Kholodcnkoi28, 

A. Khomich^*'', T.J. Khoo'^\ G. Khoriauli20, A. Khoroshiloyi^'', N. Khovanskiy^'\ V. Khovanskiy9'\ E. Khramov^s, 

J. Khubua^ii^, H. Kimi46a,i46b^ j^j g j^jj^2^ p Q Kim^^^, S.H. Kim^'^°, N. Kimura^o, O. Kindl^ B.T. King^^^ 

M. Kingf'^ R.S.B. King"^ J. Kkk^^^, L.E. Kirsch22, A.E. Kiryunin^^ T. Kishimoto^^, D. Kisickwska'''^ 

T. Kittelmanni2-\ A.M. Kivcv^^^, E. KladWa^'^^^ , J. Klaibcr-Lodcwigs42 , M. Klcin^-', U. Klcin^^ K. Klcinknccht^i, 

M. Klemetti*^'\ A. Klicri^\ A. Klimentov24, R. Klingcnberg''2, E.B. Klinkby3^ T. Klioutchnikova2<^, P.P. Klok^o-*, 

S. Klousio-\ E.-E. Klugc''^«'\ T. Klugc^\ P. KlTiiti"-\ S. Kluth^^ N.S. Kncchti-'^^, E. Kncringcr62, J. KnobkK;h2'5, 

E. B.F.G. Knoops^-', A. Kmic"^^, B.R. Ko^"^ Kobayashil^^ M. Kobcl''-\ M. Kocian"-\ p. Kodysi2fi, K. K5neke29, 
A.G. Konigio^^ s. Koenig^i, L. Kopkc«i, F. KoetsveldiO"*, P. Kocvosarki2", T. Koffas2S, E. Koffe^lanlo^ F. Kohn^^, 
Z. Kohouti27^ T. Kohriki^e, T. Koi^^^, T. Kokott20, G.M. Kolachoyio^, H. Kolanoskil^ V. Kolesnikov^s , 

I. Koletsou*^^, J. Koll«8, D. Kollar29, M. KoUefrath^^ S.D. Kolya82, A.A. Komar^*, Y. Komorii^s, T. Kondo''*^, 

T. Kono^i'", A.I. Kononov^s, R. Konoplichio^.Q^ N. Konstantinidis^^, A. Kootz^^^^ g Koperny^^, S.V. Kopikovi28^ 

K. Korcyl^s, K. Kordas^^'', V. Koreshevi28, A. Korn"^, A. Korol^o^ I. Korolkov", E.V. Korolkova"9, 

V.A. Korotkovi28, Q. Kortner^^, S. Kortner^^, V.V. Kostyukhin2o , M.J. Kotamaki29, S. Kotov^^, V.M. Kotov^'s, 

A. Kotwal'''*, C. KourkoumclisS, V. Kouskoura^^'', A. Koutsmani^^^, R. Kowalewskii^'', T.Z. Kowalski^'^, 

W. Kozanecki^^e^ ^ g_ Kozhini28^ y_ Krali27^ y Kramarenko^^, G. Kramberger"^", M.W. Krasny'^^, 

A. Krasznahorkay^°®, J. Kraus^^, J.K. Kraus2°, A. Kreisel^^^, F. Krejci^27^ j Kretzschmar'^^, N. Krieger^'^, 

P. Krieger^^*, K. Kroeningor"'''* , H. Kroha'^^, J. Kroll^20^ j_ Kroseberg2°, J. Krstic^2a^ u Kruchonak^^, H. Kruger2°, 

T. Krukerie, N. Krumnack^*, Z.V. Krumshteyn6^ A. Kruth20, T. Kubota^^, S. Kuehn'^^, A. Kugel^^^ T. Kuhl^i, 

V. Kukhtin^s, Y. Kulchitsky^o, S. Kuleshov^i^, C. Kummer9^ M. Kuna^^ N. Kundu"^ J. Kunklei20^ Kupcoi25, 

H. Kurashigc^^, M. Kuratai^o, Y.A. Kurochkin'^", V. Kus^^^, M. Kuzci", J. Kvitai42^ R. Kwccl^ A. La Rosa^^, 
L. La Rotonda36=^'36b^ L_ Labarga^o, J. Labbc^, S. Lablak^^^a^ c. Lacastai67, F. Lacavai32a,i32b^ jj_ Lacker^^, 

D. Lacour^s, V.R. Lacuesta^^^, E. Ladygin^^, R. Lafaye", B. Laforgc^*, T. Lagouri^o, S. Lai''^, E. Laisne^^, 
M. Lanianna29, C.L. Lanipcn^ W. Lampl*^, E. Lancon"^ U. Landgraf4^ M.P.J. Landon^^ H. Landsmani'^2^ 
J.L. Lane82, C. Lange''\ A.J. Lankfordi^a, p. Lanni24, K. Lantzsch^^"^ g paplace^^^ G. Lapoire20, J.F. Laporte^^e, 
T. Lari®^'', A.V. Larionov ^28, A. Larner^^^, C. Lasseur29, M. Lassnig29, P. Laurelli^'^, W. Lavrijsen^^, P. Laycock'^^, 

A. B. Lazarev^s, O. Le Dortz'^s^ Guirriec^^^ G. Le Maneri58^ E. Le Menedeu^e, G. Lcbcl'^^ T. LcGomptc^ 

F. Ledroit-Guillon^s, H. Leelo^ J.S.H. Lee^^*^, S.G. Lee^^i, L. Lee^^^^ M. Lefebvre^'^^ M. Legendre^^e, A. Leger^^, 

B. C. LeGeyti20, F. Legger^s, C. Leggctt", M. Lehniacher20, G. Lehmann Miotto29, X. Lei^ M.A.L. Leite23d, 
R. Leitneri26, d. Lellouch^'^S M. Leltchout'''', B. Lemmer^^, V. Lendermann^s^, K.J.C. Leney^^*^, T. Lenzi"'\ 

G. Lenzeni^^ B. Lcnzi29, K. Leonhardt^^^ S. Leontsinis^, C. Leroy^^, J-R. Lessard^'^^ J. Lesser"6a^ c.G. Lester27, 
A. Leung Fook Chcongi'^2^ j_ Leveque^, D. Levin^'^, L.J. Levinson^'^^ M.S. Levitski^28^ Lewis^^^, G.H. Lewis^°^, 
A.M. Leyko20, M. Leytoni^, B. Li^^, H. Lii^2^ g Lj.m.p^ ^ Li87, Z. Uang^^^'i, H. Liao^a, B. Libertii^Sa^ p. Lichard29, 
M. Lichtnecker^s, K. Lie^^^, W. Liebig^^^ R. Lifshitzi52^ j Lilleyi^ C. Limbach20, A. LimosaniS^, M. Limper^a, 
S.G. Lini5i,r^ Y. Unde^°^, J.T. Linnemann^^^ E. Lipelesi2", L. Lipinskyi25, A. Lipniacka^^, T.M. Lissl^^ D. Lissauer24, 
A. Lister^s, A.M. Litkci-'^^ G. Liu28, D. Liui'^i'-% H. Liu^^ J.B. Liu«^ M. Liu32b, S. Liu2, Y. Liu32b, M. Livan"^'^'"^^^ 
S.S.A. Livermore"^ A. Lleres^^ J. Llorcntc McrinoSO, S.L. Lloyd^^ E. Lobodzinska^\ P. Loch^, W.S. Lockmani^^, 

T. Loddenkoetter20, F.K. Loebingcr«2 Loginov^^^ G.W. Loh^^^, T. Lohse^^, K. Lohwasser^*, M. Lokajiceki25, 

J. Loken "^ V.P. Lombardo'*, R.E. Long^\ L. Lopcsi24a,b^ p)_ popez Mateos^"^, J. Lorenz^^, M. Losadai62^ 

P. Loscutoff^"^, F. Lo Sterzoi32a,i32b^ j Losty^^^^, X. Lou''°, A. Lounis"^ K.F. Lourciroi62, j. Pove2i, P.A. Love''\ 

A. J. Lowei^3'% F. Lu32a^ jj j_ pubatti^^*, G. Lucii32a,i32b^ ^ Lucotte5^ A. Ludwig4'\ D. Ludwig^i, P Pudwig48, 
J. Ludwig"'*, P. Luehring^^, G. Luijckx^^^, D. Lumb^^, L. Luminari^''2a^ jt;_ p^nd^^'', B. Pund-Jensen^^"^, 

B. Lundberg^s, J. Lundberg"6a,i46b^ j_ Pundquist^^, M. Lungwitz^i, G. Lutz^^, D. Lynn24, J. Lys^^, E. Lytken™, 
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H. Ma24, L.L. Ma"2^ J.A. Macana Goia^^^ G. Maccarrone^'', A. Macchiolo9^ B. Macek^^^ j Machado Miguensi24a^ 
R. Mackeprang^s, R.J. Madaras^^, W.F. Mader43, R. Maenner^^^, T. Maeno^^, P. Mattigi^'^, S. Mattig*\ 

L. Magnoni^s, E. Magradze^^, Y. Mahalalcli^^, K. Mahboubi^s, G. Mahout^^ C. Maiam"2a,i32b^ ^ Maidantchik^a^ 
A. Maioi24a.6, s. Majewski24, Y. Makida'^^ N. Makovec"^ P. Mal^^e, Pa. Malecki^s, P. Malecki^^, V.P. Maleev^^i, 
F. Malek^s, U. Mallik^s, D. Malon^, C. Malone"^^ S. Maltezos^, V. Malyshev^o^, S. Malyukov^^, R. Mameghani9^ 
J. Alamuzic^^b^ ^ Manabc'^'^, L. Mandelli^^'^, I. Mandic"^"*, R. Mandrysch^^ J. Mancirai24a^ p g Mangcard^** , 

I. D. Manjavidze'^^, A. Mann^'^, P.M. Manning^^y^ Manousakis-Katsikakis® , B. Mansoulie^^'^, A. Manz^^, 

A. Mapelli29, L. Mapelli^^, L. March 8°, J.F. Marchand^^, F. Marchese"3a,i33b^ q Marchiori^s^ M. Marcisovskyi^s, 
A. Marin^i'*, CP. Marinoi^s, F. Marroquim^^a , R. Marshall*^^ Z. Marshall^^, F.K. Martcnsl5^ S. Marti-Garcia^^^ 

A. J. Martini^s^ B. Martinis, B. MartinS^ F.F. Martin^^o, J.R Martin^^, Ph. Martinis, T.A. Martin^^ V.J. Martina's, 

B. Martin dit Latour'*^, S. Martin-Haugh"^, M. Martinez", V. Martinez Outschoorn^'^, A.C. Martyniuk^*^^, 
M. Marx*^2^ F. Marzano^^sa^ a. Marzin"\ L. Masetti'^i, T. Mashinlol''5^ R. Mashinistov^^ , J. Masik^^ 

A.L. Maslennikoyio^ I. Massa^^aagb^ q Massarol"^ N. Massol'', P. Mastrandreai32a,i32b^ A. Mastroberardino^e^^seb^ 

T. Masubuchi^^s^ Mathes^o, H. Matsumoto^''^^, H. Matsunaga^^^, T. Matsushita^"^, C. Mattravers"^'^, 

J.M. Maugain29, J. Maurer^^^ S.J. Maxfield^^^ D.A. Maximoyio^, E.N. May^ A. Mayne^-''^, R. Mazinii^i, M. Mazur^o, 

M. Mazzanti^s^, E. Mazzonii22a,i22b^ g p_ Kee^"^ , A. McCarni^s^ R.L. McCarthy's, T.G. McCarthy^^, 

N.A. McCubbini29, K.W. McFarlanc^^ J.A. Mcfayden"9, H. McGlone^^ G. Mchcdhdzc^i'^, R.A. McLaren^^, 

T. Mclaughlani^ S.J. McMahoni^s, R.A. McPhcrsoni*^'^'*, A. Meade^^, J. Mechnichio-\ M. Mechteli', M. Medinnis^\ 

R. Mcera-Lebbai"\ T. Mcguroi"', R. Mehdiyev'^-\ S. Mehlhase^^ A. Melita^'\ K. Mcicr'^s^, B. Meirosc^'\ 

C. Melachrinos'''", B.R. McUado Garcia"^ L. Mendoza Navas^^^ Z. Mengl''^l'^ A. McngareUii^^'i^'^, S. Menke^'', 

C. Menot2<^, E. Meoni", K.M. Mcrcurio"", P. Mermod^", L. Merolai"2a,i02b^ q Mcroni«'''\ F.S. Merritf'^o, 
A. Messina^'', J. Metcalfe"'-', A.S. Metc^'"', C. Meyer^i, C. Meyer-"'", J-P. Meycr^^e, j. Meyeri^-\ J. Meyer'"^"', 
T.G. Mcyer29, W.T. Meyer'^'^^ j Miao-'^d, S. Michal^^, L. Micu^^^, R.P. Middletoni^s, p. Miele^^, S. Migas^-'', 

L. Mijovic^i, G. Mikenbergi^i, M. Mikestikovai^s, M. Mikuz^"*^ Jy ^^ MiUer^o, R.J. Miller^^^ ^ Millsl6^ C. Mills^^, 

A. Milov^^i, D.A. Milstead"^^^"^'^, D. Milsteini^i, A.A. Minaenko^^s, M. Miiiano Moya^^^, LA. Minashvih6^ 

A.I. Mincerio«, B. Mindur-''^ M. Mincev^'-^ Y. Ming^^^ L.M. Mir", G. Mirabenii32a^ l. Miralles Verge", 
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